UNTTED STATES OF AMERICA
DEPARTMENT OF COMMERCE

OFFICE OF THE ADMINISTRATOR OF CIVIL AERONAUTICS
WASHINGTON 25, D. C.

TS0=C11 effective
August 1, 1948
TECHNICAL STANDARD ORDER

SUBJECT: FIRE DETECTORS
CTION

Fire detectors are in the class of aircraft components which the
Administrator of Civil Asronautics is suthorized to approve in accordance
with Parts O4a and O4b of the Civil Air Regulations.

This Technical Standard Order is intended to serve as a criterion by
which the product mamifacturer can obtain Civil Aeronsutics Administration
approval of his fire detector.

In the eatablishment of thiz Techniesl Standard Order, consideration
has been given to existing Coverrment and industry standards for fire
detectors for the purpose of adopting the performance requirements of one
of the recognized seronauntical standards as the minimum safety require-
ments for fire detectors which are intended for use in civil aircrafi,

The specification of the Society of Automotive Engineers for fire detectors
contains such requirements.

IRECTIVE

Provision. Pursuant to Sections 04a.062, 04a.07, 04a.500, 04b.05 and
04b.38251 of the Civil Air Regulstions, which authorize the Administrator
to approve aireraft equipment, the performance requirements for fire
detectors as set forth in SAE Specification AS-401, Fire and Heat Detectors,
dated December 1, 1947,* with the exceptions hereinafter noted, are hereby
established as minimum safety requirements for fire detectors which are
intended for use in civil aircraft.

Exceptions. Item (b) of section 3.3 "Identification,® peed not
be complied with for conformance with the terms of this Order.

Application. Fire detectors complying with the specifications appear-
ing in this Technical Standard Order are hereby approved for all alrcraft
for protection of aireraft power plant installations, combustion heaters, or
other installations where fuel, oil or similar fires may occur. Fire
destectors already approved by the Administrator may contimme to be installed
in aireraft

(1) for which an application for original type certificate is made prior
to the effective date of this Order,

*Copies mey be obtained from the Soelety of Automotive Engineers, 29 W.
39th 5t., New York, N. Y.
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(2) the prototype of which is flown within one year after the
effective date of this Order, and

(3) the prototype of which is not flown within ome year after the
effective date of this Order if due to camses beyond the applicent's control
provided applicetion for a type certificate iz made prior to the effective
date of this Order.

N
If a major change is made in the installation within nine months after the
effective date of this Order involving a change in type or model of fire
detector, previously approved types of fire detectors may be instslled.
However, in any such change made after the nine month period, new types

of fire detectors installed in sireraft shall meet the specifications
contzined herein.

SPECIFIC INSTRUCTIONS

Markine., In addition to the identification informstion required in
the referenced specification (see "Exceptions" above), each fire detector
shell be permanently marked with the Techmnical Standard Order designation,

- CAA-TS30-C11, to identify the fire detector as meeting the requirements of
this Order in accordance with the manufacturers' statement of conformance
outlined below. This identification will be accepted by the Civil Aero=-
nautics Administration as evidence that the established minimm safety
requirements for fire detectors hawve been met,

Data Requirements. Ten coples of the following technicel information
ghell be submitted by the mamufacturer of the fire detector with his
statement of conformance to the Civil Aeronsutics Administration,

Alrcraft Service, Attn: A-298, Washington 25, D, C. These data

shall consist of all information such as descriptive dete, drawings,
diagrams, etec., which are necessary to define the limitations of use for
which the fire detectors are satisfactory, and which are essential to
outline the conditions for their proper installation and operation. They
shall include at least the following, wherever applicable, in addition te
other limitations which may apply:

(1) maximum allowable normal ambient temperature at the point of
detector location.

(2) maximum allowable rate of temperature rise at peint of detector
location as a result of normal operation.

(3) eleetrical eircuit arrangement

(4) operating voltage

(5) mounting or support method

(6) maximm or minimum number of units or detector length which can be
used in ome circuit or one fire zone without adversely affecting sensitivity
or causing false indications due to temperature variations associated with
normal operation.

Effective Date. After August 1, 1948, specifications contained in this

Technical Standard Order will constitute the basis for Civil Aeronsutics
Administration approval of fire detectors for use in certificated aireraft.
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Deviations. Requests for deviation from, or waiver of, the require-
ments of this Order, which affect the basie airworthiness of the component,
should be submitted for approval by the Director, Aircraft Service, Office
of Aviation Safety, Civil Aercnautics Administration. These requests
should be addressed to the nearest Regional Office of the Civil Aercnautics
Administration, Attn: Superintendent, Aircraft Ez'ailah.

Conformance, The mamifacturer shall furnish to the CAA (addrese as
noted under "Data Bequirements" above), & written statement of conformance
signed by a responeible official of his compeny, setting forth that the
fire detector to be produced by him meets the minimm safety requirements
established in this Order. Immediately thereafter distribution of the
fire detector conforming with the terms of this Order may be started and

continued.

The prescribed identificatiorn on the fire detector does not relieve
the aircraft mamufacturer or owner of responsibility for the proper
application of the fire detector in his aireraft, nor waive any of the
requirements concerning type certification of the aircraft in accordance
with existing Civil Air Regulations.

If complaints of nonconformance with the requirements of this Order
are brought to the attention of the Civil Aercnasutics Administration, and
investigation indicates that such complaints are justified, the Administra-
tor will take appropriate action to restrict the use of the product
involwed.

Copies of this Technical Standard Order and other Technical Standard
Orders may be obtained from the Civil Aercnautics Administration, Aviation

Information Staff, Washington 25, D. C.

F, B, Lee
Acting Administrator of Civil Aeronsutics
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1. FPIBRPOSE: To epecify sinimum requirements for fire znd heat detection inetruments
for use in aircraft, the operation of which may subject the inetrument to :
environmental conditione specified in Section 3.4,

2. SCOPE: Thie specification covers the following besic types of iostruments, or
combinations thereof, intended for uee in protecting aireraft power plant
installatione, auxiliery power plante, combustion hesters and other inetellation
where fuel, oll or eimilar firee may ocour,

Type I Bate of temperature rise
Type II Flame
Type III Fixed temperature

3, GEJERAL EECUIREMEETS :
3.1 tar 8 Worlk

2,1,1 Materiasle: Materiale shzll be of a gquelity which experience andfor tests
have demonstrated to he suitabtle and dependable for use in elreraft instruments,

3.1.2 Norkmspehir: Workmanship shall be consistent with high-grade aireraft
instrument manufacturing practice.

3.2 BHadio Interferenge: The lnetrument shall not be the source of objectionsble
interference, under cverating conditicne at any frecuenciss used on aireraft,
either by radiation of femd-back, in radio sete inetalled in the same elrcreft
&8 the instrument.

.3 Identification: The following information shall be legibly and permanently
marked on the instrument or attached thereto:

[+ ]

(a) Hame of Instrument

(b) SAE 3pec. As-401

(e) Rating (Electriecal, Vacuum, etc.)

(d) Alarm Tempereture (Seneing element, where
applicable)

(e Mznufscturer's Part Number

(f) Merufzcturer's Serisl Nuzber or Dete of

Manufastnre
(g) Mamufacturer's ¥ame and/or Tredemark
3.4 Egvironpentsl Copditiops: The following conditions have been ssteblished a8
design criteris only. Teets shall be confucted ze spacifiad in Sections
5, 5§ and 7.
Coprright LIAT by Sosialy of Automative Enginaen, Inc, Wi e g
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%.4,1 Temperaturs: When mounted in accordance with the manufacturer's recommenda~

4.2

4.3
4.4

5.1

tione, tke unit vhell function over the range of ambient temperatures shown
in Column A btelow and shall not te adversely affected by exposure to the
taoreratures shown in Column B below:

&

Ipatrument Location 4 B
Power Plant Compartments i -20 %o 130C -85 to 1300
Other Areas 7 =20 to 70C -65 to TOC
3.4.2 Hupidityt The instrument shall function and not be edversely affected by
exnoeurs to a relative humidity of up to and including 95% at a temperature
of avoroximately 32 C.
2.4.2 Altituds: The instrument shall function and shell not be adversely affected

when sub)ected to a preseure and temperature range equivalent to =1000 feet
to +30,000 feet etandard altitude,

3.4.4 Yibraticn: Wher meunted in accordance with the instrument manufacturer's

instructione, theunits shall function end shall not be adversely affected
when subjected to the following vibrations at a frequency of 500 to 3000
cycles par minute, When specified by the purchaser for use in rotary wing
eireraft, the frequency range shall be 150 to 3000 cyclee per minute,

Zrve of Instrument Mounting Amplitude  Acceleration

Structurally Mounted Instruments 0.030 inch 3.8 g
Ingine Compartment Mountad Instruments 0.20 4inesh 25

It is understood that the instrument shall withstand vibration at higher
frequencies, but the acceleration values need not exceqd those shown above,

ET5 UIREMENTS :

Indicatins Method: The instrument shall be capable of actuating both visual
and aural alarm indicators,

Belicbility: TFalee signals in the instrument shall not result from variations
in voltage between O and 125% of the rated. flight attitude, dust and
accelerations encountered in flight or landing.

v s ¢ The instrument shall nermit testing of the contimuity
of the associated electricel circuit in flight.

i All calibration adjustments in the instrument shell
be provided with temper-proosf sesls,
TEST CONDITIONS:
Atpospheric Conditiong! Unless otherwise specified, all tests required by this

specification shall be conducted at an atmonopheric pressure of aporoximately
29.92 inches of mercury and at an amblent temmerature of approximately 22 C,
When tasts are conducted with the atmospheric rressurs or the temperature
guhstantially different from these values, allowance shall be made for the
variations from the specified conditinns,
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5.2 Vivpatiop (To pipimigze frictionl: Unless otherwise epecified, dl tests for

performance may be made with the instrument subjected to a vibration of .002

to ,008 inches amplitude at & fraquency of 1500 te 2000 cycles per minute,

The term amrlitude as used herein indicates the total dieplacemsnt from positive
maximum to negative maximum, &

5.3 Yibration Stgnd: A vibration stand ehall be used which will vibrate at any
desired frequency betwesn 500 and 3000 cyclés per minute and shall subject
the instrument to vibration such that a point on the instrument will deseribe,
in a plane inelined 45 degrees to the horizontal plane, & circle, the dizmeter
of which 1s equal to the amplitude specified herein,

6.4 Tost Position: Unlesa otherwise specified, the instrument shall be mounted
and tested in its normal operation position.

£.5 Pgwer Conditicps: Unless otherwise specified, all tests shall be conducted
at the power rating recommended by the mamifacturer and the instrument shall
ba in an operating conditien,

6.6 JIlame Temperature Megeurement apd Flgme Sige: All flame temveratures shall be
msasured by using an 18 gauge wire thermocouple and the two sbmnds of wire shall
be twisted torsther for a distande of & inch from the termocouple bead, The
thermocouple bead shall be at the center of the flame and the two wires leading
to the bead shall be parallel end extend radielly into the flame, The nature
and size of the flame and the method of teet shall be specified in Plgure 2.

5.7 Zest Sezple: Unless otherwise specifisd, vhen qualification tests are being
conducted on continuous type detectors, at least eight inches of the continuous
detecting element shall be subjected to the teet conditione ae well A at leaat
two typleal insulators, supporte, or connectors of each basic type used.

€. INDIVID TESTS: All instruments or components of such shall be
subjected to whatever tests the manufacturer deems neceseary to demonstrate
smacific compliance with this snecification.

6.1 Response Time: The sensing element shall be tested as specified in Section
7.1, or in some equivalent manner which will adequatley check the sensitivity
and ealibration.

6.2 Dislectrig: The instrument shall be subjected to whichever one of the following
dielectric testa ie most apnlicable:

6.,28.1 Ungrounded instruments, or grounded inetruments prier to connection of
intérnal ground wire, shall be tested by either the method of Sectionm 6.2.1.1
or 6.2.1.3.

€.2.1.1 Insulatign Beeletgnce: The insulatlon resistance measured at 500 volta
d-¢ between all electrical circulte connected together and the metzllic
caee shall nost be less than 20 megohma,
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6.2.1.2 Dielectris Strensth: The insulation shall withstand without evidence of

damage the application of a einuecidal voltage at & commerciml frequency
vetween all electrieal circults connected together and the metallic case,

for = mariod of 5 seconds, The BM5 value of the sinusoidal voltage applied
ghall be either five (5) times the maximum instrument operating voltage,
or 500 volts, whichever is the greater. ¥

6.2.2 Instruments operated with a permanent internal ground connection shall be teated

Ta

as follows: o
The insulation shall withatand without evidence of
damage the applicetion of a sinuasoidal voltage at &
commercial frequency between each electric circuit and
the metallic cass, for a period of 5 seconds, The RMS
value of the sinuscidal voltage applied ashsll be 1,25
times the maximum clreult omerating voltage obtalnable
between two test polnta.

QUALTFPICATION TESTS: As many instruments as aprnear necessary to demonstrate
that all inetrumente will comply with the requirnmente of this ssction shall be
subjectsi to tha following tests whare applicable. The tests on each instrument
shall be conducted consecutively and after the tests have been initiated, no
further adjustments of the inatrument shall be permitted., There shall be no
falee alarms signalled during eny of the testa. A response time teet per
Section 7.1 shall be econdueted after each qualification teet, except Sectione
7-1|1| '?-2| 7.3| ?tﬁcl.. 7-5.3. 7.3.3 and I?I-.]-'d.. Emmvar. er‘.\!pt in the case

of the response time test followlng the qualificetion test of Sectlon 7.1l4, the
ipstrument subjectsd to the response time test need not be the same lnstrument
or instruments being subjected to the entire series of qualificetion tests,

7.1" Baspopse Time: The seneing eloment shall be tested in an 815 C maximum

temperature flame as specified in Figzure 2. The ambient temperature

from which the test is started shell be normal room temperzture, However,

a higher storting ambient temperature may be ueed if the sensing element

ie epecified for use only in locutlons where the ambient temperature will not,
under any normal continuous operating conditione, fell below this valua, For
types of detectors and detector eysteme whose sensitivity is affected by the
numbar of senelng elements, by the length of the sensing element exposed to
flame (for continuous typee), or by other factore which may be veried from
one system deesisn to another, all responee time tests shall be conducted with
the least sensitive system configuration to be used. The time of resvonse
shall not exceed § seconde when the instrument ie tested in accordance with
this se2tlon,

7.1.1 'Renesat Besronee Time: Tha sensing element(s) of the fire detector system

rhell be subhjected to an 815 € flame for & merind of one minute. It shall
then bhe removed from the fleme, Within 5 seconds after the alarm hae
rleared the sensing element ghell arain be rubjected to the flame, An alarm

shall be signalled in five seconds. The units subjected to this teet need
not ba subjectad to any othar tests,
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7.2 Fixed Temnerature Operstion: (For Type III instrumentc only). The detecting
glement shzll be placed in & sultable hesating chamber and the temperature
ghall be raised at the rate of not leee then 7 C ner minute, to not lesa
then B0% of the rated temperature setting. The temperature shall be
maintained at this value for not less than one h-urg The temperature shall
then be reisad, at a rate of not more than 7 C per minute, to 10% sbove the
roted temperature setting. An alarm ehell be signalled within a tolerance
of 10% of the rated temparsture setting, The temmerature shell then be
lowernd, at o rate of not more than 7 O per minute. The elarm indicatlon
shall cease before the temperature falls below 90% of the rated setting.

7.3 False Alarm Due to Bate of Temperature Rise: No alarm shall be signalled during
these tests except in the caee of Type III instruments which may signal an
al=rm when the tempereture reaches a valus not less than 90% of the rated
eotting, For typee of detectors and detector eystems whoee sensitivity 1a
affected by the number of sensl elemente, the length of the senwing elemsant
expored to the test tﬂmperaturan?fnr continuous tymes), or by other factors
which mey be veried from one system design to another, the tests of 7.3.1 and
7.3.2 8h=11 be conducted wilth the most sensitive syestem configuration to be
usad,

7.3.,1 Fales Alarm Due to Local Temmerature Bise! The seneing element shall be
subjected to varinous combinations of rates of temperature riee pnd durations
of these retea of rise, ZExcent as indicated in Sectlion 7.3, no alarm shall
be signalled when the element ie expased to any combinatinn of the rates
of rise and durations within the shaded area in Figure 3(a). This test
shall be conducted in = manner simulating conditions due to local overheating,

7eB.2 g8 & Ih grel Tama a t The test of 7.%,1 shall be
repeated excent that Pigure Sibj shall be amployed and the test shell he

conducted in a manner elmuleting conditions existing due to a general
temnerzture riee throughout an engine compartment whare the sensing
elerant(s) mar be locatad,

7.3.3 Jalse Clegrigg of Alerm Due to Partias] Fxtinzulshine of Fire: The eyetem
confisuration specified in 7.3 shall bte subjected to an 815 C fleme for 30
seconds. The flame shall then be removed from all except the mortion of the
aystam 28 snecified in 7.1. The zlarm shall not clear. After an additional
30 seconds the flame shall be removed entirely and the slarm shall then
clear. Tha units subjected to this test need not be subjected to any
other teat.

7.4 Vibrotion: The instrument ghall be mounted on & vibration stand, in its
own shock mounted bese, 1f nrovided with one, in its normel operating rlane,
The instrument shall be subject=d to vibration with an amnlitude betwaen
+003 end _NN5 ineh =t fraguencies for 500 to 3000 cycles per mimate, in order
to determine whather the netural frequency of the instrument oceurs in this
frequancy rensa,
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7.5 Vibratiop Endyrspce: With the instrument mounted on & vibretion stand, mer
Section 7.4, 1t shall be vibrated continuemsly at a3 totesl emplitude as snecifled
in Section 3.4.4 for a perlod of 24 hours at the natural fregquency, if
applicable, ae determined in Section 7.4, or if mbt applicable, at a fregquency of
2000 e¢yelee per minute, No damage shall be evident after this teat. In the
caser nf this test, the response time test of 7.1.1 shall be conducted while
the instrument ie beinz vibrated. However, the sensing and indieating elements
need not he vidbrated slmultaneously unless 1t 18 aprarent that similtanecus
vibration will be eritical. .

7.6 ¥gter Sureyt All parts of the instrument which may be installed in exposed
portions of the airplane shall be subjected to the following tests:

7.6.1 Simulpted Raint The comnonents being tested shall be subjected to a epray
of water, to simulate rain, for a period of three houre, The detector shall
not be dried prior to testing per Section 7.l.

T.6.2 iﬁé;_ﬁn:ﬁxi The components being tested shall be subjected to spray with a
20% sodium chloride eclution for a period of fifteen mimutes., The components
shall then be dried in air at room temperature before they are tested per
Section 7.l. The components shall not be cleaned before the test of Section
7.1 is conducted,

7.7 Corrosiopnt A1l parts of the instrument which may be instelled in exposed
portions of the airplane shall be subJected to a finely atnmized spray of
20% eodium chloride solution for 200 hours. At the end of thie period the
parte shall be allowed to dry and may then be cleaned prior to conducting the
test per Bection 7.1.

7.8 HIuel and 011 Impersion: All parts of the instrument which mey be located in
engine compartments, or other locatlions where thay may be contaminateéed by
fuel or o011, ehall be subjected to the following tests:

7.8.1 Tue] Immersiop: The commonents belng tested shall be thoroughly immersed in
normally leaded 1C0 octane fusl =t aprnroximately room tempsrature and then
allowed to drain for one minute before beings testsd per Section 7.1. No
oleaning other than the dreinage specified above shall be ascomnlished prior
*+n conducting subsequent tests,

7.8.2 0i] Immersion: The same test shall be conducted with used SAE #50 oil.
7.9 BSapd: A1l parts of the instrument which may be installed in exposed portions

of the alrplane (euch as in nacelles, wheel wells, etc.,) shall be subjected

to a sand or 4ust laden air etreem, flowing at a constant rate of 23 pounds per
hour, for four hours, The streem shall be formed of sand or dust that has

been sifted through a 150 mesh screen and shall pase over all parts of the units
under test., The test chamber shall be equivelant to that shown in Figure 1,

7.10 High Temperatura: All components of the instrument which may be located in
engine compartments ehall be exposed to a temperature of 130 C for 48 hours
prior to being tested per Sectlon 7.1 except a 130 C, 411 other components
ehall be subjected to a similer test at 70 C,
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[7.11

7.13

7.14

=
Low Termergture: The instrument sh=ll be exposed to a temperature of -65.C
for a period of 24 hours, after which it shall be reised to & temperature of
-55 C for a peried of eix hours mrior to being tested per Section 6,1 except
at =55 C. However, compliance with Section 7.1 shall be considered to have
heen aceompliched in this case if the time of raapugaa does not exceed 10 seconde,

7.12 Altitude Fffects!
7.12,1 Bigh altitude spd Bgte of Clipb: The inetrument shell be subjected to a

pressure that is veried from normal atmospheric pressure to an altitude
presgure sqnivalent to 40,000 feet at a rate of not less than 3000 feet per
minute, The inetrument shall be maintained at the altitude pressure egquivalent
to 47,000 feet for a period of 48 hourse, The inetrument shall than be
returned to sea level conditions and then tested per Section 7.l. Sealed
unites shall not leak as a result of exposure to thie pressure. Where
appliecable, this shall he demonstrated by immereion in water after the test.

7.12,2 Loy Altdtyde: The instrument shall he subjected to the same test as out-

lined in Section 7.12.1, except that the rate of nressure variation need
not be as specified therein and the preesure shall be maintained at an
altitude pressure equivelent to =1000 feet,

7.12.3 Prezpurization Test: All components of the ilnstrument which may be located

in preseurized grez shall be subjected to an external pressure of 8 p,s,i,
for a pericd of fifteen minutes. The response time teat of 7.1.1 shall e
conducted while the components involved are under the 8 p.s.i. pressure,

Iﬂl&iﬂi_%?:iﬂié%ﬂ: The instrurent shell be operested with the woltaze varying
from 110% to 75% of the rated. The inetrument sh2ll then be tested per
Section 5.1 under these conditions. Complisnce with the provisions of Section
4,2 shell also be demonstrated,

Flppet The detacting element of the instrument shell be subjected to a
completely enveloping flame at & temperature of 1100 C minimum for two periods
of one migute each. The flame shall be as specified in Figure 2. The
instrument shall be cooled to approximetaly room temperature or to the ambient
temperature permitted in Section 7.2 after each exposure to flame, The
instrument shsll then be exnosed to the seme flame 2 third time, An slarm
shall be eignalled in not more than five eaconde after sach exnosure to

flame, Imring cooling of the instrument after the firet two expoeures %o flame
the glerm shell clear in not more then 45 eeconds efter the flame has heen
removed in the firet two caees, Artificlial meens of cooling the inetrument shall
not be used until after the alarm hss clesred. A manual resetting device may
be used to clesr the elarm provided it is demonsirated that the resetting
device will clear the alarm only if the flame hes been removed; 1.e., if

flame is etill present and the mannel resetting device 1e onerated, the
instrument muet continue to indicate the presence of a fire, The instrument
ne~d not clear the alerm and need not be cepable of further operation after

the third exposure to flame. During this test the eeneing element shall be
subjected to vibration ae specified in Section 7.5,
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eand hopper (zhould hold enough
sand for complete teast)
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FIGURE 1

Schematic Sand Test Arrangement (Ref, Section 7.9)
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TOP PLATE DETAIL
4,125 PIFPE TAPS, BPACED EQUALLY
FCR SECONDARY AIR

TUEES LOCATED AT INTERSECTICN

SOLID LINES

DOTS LOCATE SECONDARY
ATR HOLES

NOTE

Ths burner should consume 65,000
Btu per hour in producing the 2000-
degree flame, and 30,000 Btu per
hour in producing the 1500-degree
flame, With these quantities of
gas (bottled, 2500 Btu per cubie
foot), the air should be adjusted
soc as to give a uniform steady flame
of the desired temperaturs, with no
yellow tipe appearing above the blue
flamss,
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FIGURE 2
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TOP PLATE DRILLED FOR
TUBES AND SECONDARY AIR

DRILL #38
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ZI..tll"z!‘.R PLATE DRILLED
FOR TUBES ONLY

TUBING PETAIL

Flame Tewt Burner (Ref, Sections 5.6, 7.l end 7.14)
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Loocal temperature rise conditiom
(Ref. Section 7.3,.1)
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FIGURE 3 (b)

General temperamture rise condition
Ref, Section T.3.2)
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